INTRODUCTION
Two type of optically induced changes has been observed in GDa-Si:H. Staebler and Wronski found optically induced conductivity and photoconductivity change and t h e i r recovery by annealing [I] .
Morigaki e t a l . found the fatigue effect of photol uminescence and i t s recovery by thermal anneal ing [2] .
Cyclic experiments on these two optical ly induced changes and their recovery by annealing have been done to check whether these effects are containing some irreversible process or not.
EXPERIMENTALS
Specimens are GDa-Si:H made w i t h 1 MHz RF-inductive coupled apparatus a t subs t r a t e temperature Ts * 300 "C and a t 1 Torr of 10 % SiH4 i n A r with a minimum RFpower to hold continuous glow discharge.
Vacuum evaporated Au-0.03 % Sb alloy films are used a s electrodes of 1 mm gap c e l l s f o r conductivity measurement on nondoped and 1 ightly doped n-type specimens. Corning 7059 roughened with abraisi ve powder of W A # 1500 t o eliminate interference are used as substrates for measurement on photol uminescence spectra.
Before the 1 ight illumination, specimens are annealed a t 150 * 180 O C f o r 30 min. i n an evacuated dark space.
A 500 W high pressure mercury lamp with a infrared f i l t e r of 10 cm pure water are used as an l i g h t source of 300 mw/crnZ to observe two l i g h t induced phenomena. Measurements on conductivity and photoconductivity are done usually in the evacuated sample box excited with monochromatic l i g h t from tungsten lamp with neutral f i l t e r Photoluminescence spectra excited by 48 m~/cm2 of high pressure mercury lamp with CuS04 f i l t e r a r e measured usually in the 1 iquid nitrogen temperature ( 77 O K ) by lock-in detection with a PbS detector.
STAEBLER-WRONSKI EFFECT
Cyclic experiments on 'optically induced conductivity & photoconductivity change and t h e i r recovery by annealing'have been done using specimens having large dark r e s i s t i v i t y and large photoconductivity.
The value of conductivity and photoconductivity can be recovered by the annealing a t 180 O C f o r about 60 min.. on the cycle of experiment n.
= 21 min. a f t e r five cycle processes. T2 about 300 min. i s almost constant for every cycle.
These change of relaxation time TI of f a s t process with cycle i s showing t h a t the Staebler-Wronski e f f e c t has some irreversible process. Fig. 3 i s an example of temperature dependence of Staebler-Wronski effect.
-c2 i s almost independent on temperature but increase a t low temperature. a t -150 O C are about 35 t o 50 min. depending on the specimens.
In the Staebler-Wronski effect, conductivity decrease a f t e r l i g h t irradiation [I] .
And the value of dark current Id recover a f t e r annealing.
B u t as shown ,in Fig. 4 , the r a t e of recovering of Id i s also depending on the cycle of experiment n. Recovery of dark current Id a f t e r l i g h t irradiation by annealing a t 180 O C depending on the cycle of experiment; -for 1 s t cycle,-.-for 2nd,---for 3rd -...-for 4th------.-.for 5th cycle. Fig. 3 . The r a t e of decreasing of photocurrent I w i t h time depending on the temperature of a specimen irradiated by l i g h t . $per one i s measured a t room temperature and the other i s measured a t -150 O C using liquid nitrogen.
A l l o f these r e s u l t s a r e showing t h a t GDa-Si:H f i l m s s u f f e r some i r r e v e r s i b l e change i n t h e c y c l e of o p t i c a l l y induced c o n d u c t i v i t y and photoconductivity change and t h i e r recovery by thermal annealing. FATIGUE EFFECT OF PHOTOLUMINESCENCE
Photoluminescence i n t e n s i t y decrease by l i g h t i r r a d i a t i o n and can be recovered by annealing t o t h e l'ntensity before f a t i g u e [2] . F i g . 5 i s an example o f time dependence o f luminescence i n t e n s i t y a t high e x c i t a t i o n .
These photoluminescence i n t e n s i t y IL decreasing g r a d u a l l y w i t h time by l i g h t i r r a d i a t i o n can be expressed as next equation ;
I n F i g . 6, t h e dependence o f the r e l a
Dependence o f slow component o f f a t i g u e on t h e c y c l e n shows t h a t specimens s u f f e r some i r r e v e r s i b l e process i n a c y c l e o f f a t i g u e and annealing. t ( min. ) Fig. 2 . E f f e c t o f l i g h t i r r a d i a t i o n o f 300 mW/cm a t 77 OKon t h e peak i n t e n s i t y o f photoluminescence spectra. These tendency can be explained as f o l l o w s . I n the process o f f a t i g u e , i t was shown t h a t dangling bonds a r e created by high o p t i c a l e x c i t a t i o n [3] .
Therefore dangling bonds are c e r t a i n l y created i n Staebler-Wronski e f f e c t s i m i l a r c o n d i t i o n as f a t i g u e a t low temperature o r more favorable c o n d i t i o n a t h i g h temperature, though e f f e c t o f surface i s a l s o very important f o r c o n d u c t i v i t y change [4] .
I n the annealing process a t 150 * 180 "C, these dangling bonds are annihirated by diffusion of hydrogen atoms and lattice rearrangement. Diffusion of hydrogen atoms change the distribution of hydrogen in inhomogeneity existing even in the good GDa-Si :H [5] .
These interaction of hydrogen & dangling bonds and rearrangement of bonds by annealing change the specimens irreversibly.
CONCLUSION
It was shown that 'two optically induced change and their recovery by annealing' are containing irreversible change of GDa-Si :H films. These irreversi bi 1 ity was explained by the interaction of inhomogeneously distributed hydrogen and defects created by light irradiation, and lattice reconstruction in the annealing process.
